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The aim of this study was to evaluate the predictive value of preoperative spirometric and arterial gas data on
severe pulmonary complications (PC) after elective abdominal surgery.
We retrospectively studied 480 patients, 254 males and 226 females, mean (SD) age 63 (11) years, at risk for PC
according to standardized criteria, who underwent laparotomy for resection of gallbladder for gallstones (44% of
patients), resection of colon, rectum or stomach for malignant tumours (37%), and other abdominal surgery (19%).
The overall incidence of postoperative PC was 18%. In a logistic regression analysis adjusted for smoking habit
and clinical history of chronic bronchitis, FEV1561% of predicted [odds ratio (OR)¼16?86, 95% confidence
interval (95%CI)¼5?62–50?58] and PaO259?33 kPa (OR¼6?42, 95%CI¼2?48–16?61) were the main determinants
of PC. Ischaemic heart disease (OR¼3?44, 95%CI¼1?08–10?93), operation for malignant tumours (OR¼3?24,
95%CI¼1?75–6?00) and age (OR¼1?04, 95%CI¼1?00–1?08) were also independent predictors of PC.
Patients with moderate-to-severe airway obstruction combined with hypoxaemia had a significant higher risk of
PC in comparison with patients with a normal respiratory pattern. Taking into account age, type of operation, and
comorbidity, a preoperative respiratory functional assessment could be useful in identifying an increased risk of
major PC in selected patients.
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The incidence of pulmonary complications (PC) in patients
undergoing abdominal surgery is variable owing to the
presence of different risk factors (1–4). It is reported to
range from 5 to 75% (4,5). Type of operation, type and
duration of anaesthesia, age, pulmonary disease and
smoking have been identified as main predictors of PC
(6). Pulmonary function tests have also been investigated to
detect high-risk patients but their value in predicting PC
after abdominal surgery is still controversial. In a clinical
review of the value of preoperative spirometry as a
screening procedure before elective abdominal surgery, 14
of the 22 studies selected concluded that spirometry was
predictive of PC, while eight concluded that it was not (4).Received 17 April 2000 and accepted in revised form 1 August
2000.
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0954-6111/00/121171+06 $35?00/0However, major methodological flaws and potential selec-
tion bias were evident in the investigations examined, which
could determine either an over-estimation or under-estima-
tion of the results (4). Other papers showed that pulmonary
function tests did not help in detecting an increased risk of
postoperative PC (6) and that clinical information and lung
examination provided as much data about the risk of PC as
pulmonary function tests (6, 7). On the contrary, another
study indicated that changes in some function indices, such
as an increase in residual volume and a decrease in forced
expiratory volume in 1 sec (FEV1), and in transfer factor of
the lung for carbon monoxide had a significant predictive
capacity for severe PC after upper abdominal surgery (8).
Arterial blood gas data were rarely considered in patients
undergoing abdominal surgery, with the exception of a
possible relationship between postoperative hypoxaemia
and PC (9). Moreover, the effect of other confounding
factors such as comorbid diseases is not completely
evaluated in the literature.
The aims of this study were to assess the predictive role of
spirometric and arterial gas data on severe PC in a selected
cohort of patients undergoing elective abdominal surgery# 2000 HARCOURT PUBLISHERS LTD
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in a multi-variate model adjusted for the presence of co-
morbid diseases.
Methods
PATIENTS AND DATA COLLECTION
We retrospectively studied 480 patients, 254 males and 226
females, mean (SD) age 63?05 (11?26) years who underwent
laparatomy for elective abdominal surgery in the years
1995–1997 in the hospital ‘Casa Sollievo della Sofferenza’ in
S. Giovanni Rotondo (FG, Italy). These patients performed
a preoperative spirometry and arterial blood gas analysis
since they met the criteria proposed by Tisi for a
preoperative evaluation of pulmonary function (10) and,
on the basis of these standardized criteria, they were judged
at increased risk of postoperative complications (10).
Laparoscopic procedures were not included in this study
since they are burdened with a lower risk of severe
complications (11).
In each patient, body height and weight were measured
using a beam scale (Seca, model 713, Hamburg, Germany)
and body mass index (BMI) was calculated by the formula
kgm72.
Spirometry was obtained by a computerized system
(Masterlab, Jaeger, Wurzburg, Germany) and a standar-
dized procedure was adopted in performing the flow–
volume curves (12). Forced vital capacity (FVC), FEV1,
and FEV1/FVC ratio were measured and expressed both in
absolute value and in percentage of the predicted reference
value (13). An arterial blood sample was taken while the
patient breathed room air to determine arterial oxygen
tension (PaO2), arterial carbon dioxide tension (PaCO2), and
pH by a computerized system (AVL-995, AVL Medical
Instruments, Graz, Austria). Alveolar–arterial PO2 differ-
ence (PA–aO2) was also calculated (14).
Comorbid diseases were diagnosed as follows: chronic
obstructive pulmonary disease (COPD) according to the
standards provided by the American Thoracic Society (15)
and other diseases according to the International Classifi-
cation of Health Problems in Primary Care (16). Duration
of the hospital stay and of the postoperative hospital stay
were recorded as well as the smoking habit.
All patients were followed up in the surgical ward and the
postoperative management was the same for all patients in
terms of medical therapy, rehabilitation and time of
mobilization. A daily assessment of the respiratory condi-
tions was made until discharge according to a standardized
protocol, which included clinical examination, arterial
blood gas analysis and oxyhaemoglobin saturation mon-
itoring by a pulse oximeter. Only major postoperative PC
were considered. Pneumonia, pneumothorax and pleural
effusion were diagnosed on a clinical and radiological basis.
Respiratory failure was considered in the presence of
abnormalities of pulmonary gas exchanges as reflected by
an increase higher than 4 kPa of PA–aO2 associated with a
persistent decrease, longer than 2 days, in oxyhaemoglobin
saturation lower than 90% in room air. Assisted ventilationvia an endotracheal tube and monitoring in a high
dependency area were needed when respiratory failure
was not relieved by oxygen and medical therapy.
STATISTICAL ANALYSIS
Comorbid disease data were analysed as categorical
variables (presence or absence). Smoking habit was also
considered as a categorical variable (actual smokers vs.
non- and ex-smokers). Continuous variables, such as
respiratory function indices and arterial gas data were also
converted in dichotomic categorical variables using the
following cut-off points commonly accepted in the clinical
practice: 80% of predicted values for FEV1, 70% for FEV1/
FVC, 9?33 kPa for PaO2, 2?66 kPa for PA–aO2. One or
more intermediate cut-off points were then identified for
each parameter in order to verify whether or not the risk of
PC increased linearly with the deteriorating of the function
parameters and to avoid an underestimation of the risk due
to a linearity assumption.
The association between the presence of at least one PC
and spirometric indices, arterial gas data, comorbidity and
type of operation was tested first by univariate analysis and
was considered statistically significant when the odds ratio
(OR) was higher than 1 with a 95% confidence interval
(95% CI) not including 1. All variables significantly
associated with an increased risk of PC were then entered
in a logistic regression analysis in order to identify the
independent predictors of postoperative PC (17).
A cumulative score was calculated assigning to each
independent predictor of PC an arbitrary value based on
the b-coecient obtained by the significant variables in the
multi-variate model (18). Finally, the risk of PC was
assessed in each group of patients identified by cut-off
points corresponding to the inter-quintile values of the
score distribution.
Results
The main characteristics and the respiratory function data
of the cohort studied are reported in Table 1. Spirometric
indices and arterial gases were, on average, in the normal
range. However, in 5?5% of the patients the FEV1 value
was lower than 61% of predicted and 6?7% of patients
showed a PaO2 value lower than 9?33KPa.
The most frequent operation was the resection of
gallbladder for gallstones (44% of patients). The resection
of colon, rectum or stomach for malignant tumours was
performed in 37% of patients. The remaining 19% of
patients underwent other abdominal surgical procedures.
Hypertension and COPD were relatively common
comorbid diseases in the cohort studied (48% and 34%
of patients, respectively). Diabetes mellitus was present in
19% and cerebrovascular disease in 8% of patients.
Cardiac diseases were less frequent: 5% of patients suffered
from ischaemic heart disease and 3% from chronic atrial
fibrillation.
The overall incidence of at least one postoperative PC
was 18%. Respiratory failure with or without need for
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present in 70 patients (15%). Pneumonia was detected in
14 patients (3%), pleural effusion in eight (2%), and
pneumothorax in two (0?5%). No postoperative death was
recorded before discharge.TABLE 1. General characteristics and respiratory function
data of the patients studied*
Number (males) 480 (254)
Smokers (%) 58?5
Non-smokers and ex-smokers (%) 41?5
Body mass index (kgm72) 26?57+5?18
Hospital stay (days) 14?62+6?72
Postoperative hospital stay (days) 8?70+5?56
FVC (l) 2?97+0?90
FVC (% of predicted) 104?48+19?05
FEV1 (l) 2?31+0?74
FEV1 (% of predicted) 101?44+23?27
FEV1/FVC (%) 76?62+12?62
PaO2 (kPa) 10?88+0?86
PaCO2 (kPa) 5?12+0?40
pH 7?44+0?03
PA–aO2 (kPa) 2?84+0?94
*Values are expressed as mean+SD.
FVC: forced vital capacity; FEV1: forced expiratory
volume in 1 sec; PaO2: oxygen arterial tension; PaCO2:
carbon dioxide arterial tension; PA–aO2: alveolar–arterial
PO2 difference.
TABLE 2. Results of univariate analysis having pulmonary com
Variable tested OR
Male gender 2?33
Smoking habit 0?68
FEV1 (80–100% of predicted) 1?27
FEV1 (61–79% of predicted) 4?27
FEV1 (561% of predicted) 15?01
FEV1/FVC (69–61%) 2?25
FEV1/FVC (561%) 4?34
PaO2 (9?33–11?33 kPa) 2?00
PaO2 (59?33 kPa) 15?14
PA–aO2 (2?80–4?00 kPa) 2?17
PA–aO2 (44?00 kPa) 5?40
Hypertension 1?68
COPD 2?37
Diabetes mellitus 1?22
Cerebrovascular disease 2?22
Ischaemic heart disease 3?32
Chronic atrial fibrillation 2?89
Operation for malignant tumors 2?48
OR: odds ratio; 95% CI: 95% confidence interval; FEV1: fo
PaO2: oxygen arterial tension; PA–aO2: alveolar–arterial PO2 dThe incidence of PC was higher in the presence of
significant abnormalities of respiratory function indices and
of arterial gas data. In fact, PC developed in 49?3% of
patients with a FEV1580% of predicted in comparison
with 12?4% of patients with normal FEV1 and in 32?5% of
patients with a PaO259?33kPa in comparison with 15?3%
of patients with normal PaO2.
The results of univariate analysis including polychotomic
transformation of the functional parameters are reported in
Table 2. It is clear that the increased risk of PC was not
linear with the deteriorating of the function indices and
arterial gas data.
A further stratification regarding FEV1 was attempted
for the group of patients with a FEV1 value below 61% of
predicted: patients with a FEV1 value between 50–61%
were characterized by a significantly high association with
PC (OR¼17?69, 95%CI¼4?53–74?52) as well as patients
with a FEV1 value below 50% of predicted (OR¼43?24,
95%CI¼8?29–302?60). However, the small number of
subjects (13 in each group) could give a not completely
accurate result and prevented us from including this further
stratification in the multi-variate analysis.
Table 3 shows the logistic regression analysis which was
adjusted for the variables significantly associated with PC
in the univariate analysis and for smoking habit; both
FEV1/FVC ratio and PA–aO2 were not offered to the
multi-variate model in order to avoid collinearity with
FEV1 and PaO2, respectively.
The risk of PC gradually increased with the increase of
the score value and a dramatic increase of the risk
characterized the group of patients with a score above
15?1, which corresponded to the highest quintile of the
score distribution (Table 4).plications as categorical dependent variable
95% CI P value
1?38–3?96 50?001
0?41–1?14 0?120
0?65–2?47 0?455
2?04–8?94 50?001
6?09–37?65 50?001
1?07–4?68 0?017
2?30–8?21 50?001
0?88–4?67 0?069
6?17–38?16 50?001
1?17–4?06 0?007
2?66–11?02 50?001
1?02–2?78 0?028
1?44–3?92 50?001
0?66–2?25 0?485
1?00–4?88 0?028
1?25–8?73 0?005
0?79–10?16 0?057
1?50–4?09 50?001
rced expiratory volume in 1 sec; FVC: forced vital capacity;
ifference; COPD: chronic obstructive pulmonary disease.
TABLE 3. Results of multi-variate logistic regression analysis having pulmonary complications as outcome, and the original
score derived from the b-coecient of each variable significantly entered in the model*
Variable Odds ratio 95% confidence interval P value b-coecient Score
FEV1 (561% of predicted) 16?86 5?62–50?58 50?001 2?825 10
PaO2 (59?33 kPa) 6?42 2?48–16?61 50?001 1?859 6?58
FEV1 (61–79% of predicted) 3?80 1?40–10?36 0?009 1?337 4?73
Ischaemic heart disease 3?44 1?08–10?93 0?036 1?237 4?38
Operation for malignant tumours 3?24 1?75–6?00 50?001 1?175 4?16
Age+ 1?04 1?00–1?08 0?047 0?036 0?13
*Model adjusted for gender, smoking habit, hypertension, cerebrovascular disease, and clinical diagnosis of COPD.
+ The corresponding score (0?13) was multiplied by the age of each patient in years.
TABLE 4. Risk of pulmonary complications (PC) in patients
grouped according to the inter-quintile values of the score
distribution
Quintiles Score range Risk of PC (%)
18 0–7?7 0
28 7?8– 9?3 22?9
38 9?4–12?2 29
48 12?3–15?0 36?9
58 15?1 56?3
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This study showed that a low FEV1 value was the main
determinant of PC after elective abdominal surgery and
that a low value of PaO2 was the second more significant
predictor of PC. Clinically ischaemic heart disease was the
only comorbid disease with a significant predictive value.
Finally, operation for malignant tumours and ageing also
predicted postoperative PC. In the group of patients with a
score value in the highest quintile of the score distribution,
postoperative complications were very common, with a
sharp increase of the risk in comparison with patients
characterized by a score value below 15?1. It is obvious that
the contemporary presence of variables with a higher
statistical significance, such as a low FEV1 and PaO2,
determined a high score value. Thus, patients with both
moderate-to-severe bronchial obstruction and hypoxaemia
had a risk for PC after abdominal surgery significantly
higher than patients with normal functional pattern and
normal pulmonary gas exchanges.
The role of spirometric indices as predictors of PC after
abdominal surgery is controversial in the literature.
Lawrence et al. (4), in a revision of previous published
studies, concluded that the predictive value of spirometry
was unproven and that there was no evidence in supporting
the recommendations to obtain routine preoperative
spirometry before abdominal operations. Another study
showed that spirometry was less helpful than other clinicalvariables in assessing pulmonary operative risk but
spirometry was obtained in very few of the subjects studied
(39 cases with PC and 38 controls without PC) (7). In a
retrospective study, 107 COPD patients with a severe
bronchial obstruction (550% of predicted) had a higher
incidence of PC but spirometry did not predict individual
risk of complications after non-cardiac surgery (19). Similar
results were obtained in a study performed on 278 patients
undergoing general surgery, 60% with abdominal opera-
tions (6). In a recent study, airway obstruction as assessed
by preoperative spirometry predicted only some complica-
tions, such as the occurence of bronchospasm, but not
others, such as the need for prolonged endotracheal
intubation (20). However, the study should not be
interpreted as proving the poor role of spirometry in
patient management (21). In fact, the five-fold increase in
pneumonias, the 1?5-fold longer intensive care unit stays
and the 1?3-fold greater incidence of prolonged intubation
in the group of patients with airway obstruction (20)
emphasizes the importance of spirometry in identifying
patients with COPD who are, as known, at risk of PC (21).
In our study, a larger number of subjects than in the above-
mentioned studies were recruited. Moreover, the enrolment
criteria aimed at minimizing the selection bias because all
patients judged to be at increased risk of complications on
the basis of age, clinical evaluation and type of operation
according to the standardized criteria proposed by Tisi (10)
were studied.
At least one postoperative PC developed in 88 of our
patients (18%). The reported incidence of PC after
abdominal surgery is extremely different, ranging from 5
to 75% (4,22,23). This is mainly due to different definitions
of PC which, in turn, could also affect the detection of the
actual risk factors. It is known that general anaesthesia can
produce several negative effects on the respiratory system.
Anaesthesia can change the shape and pattern of motion of
the chest wall which can lead to changes in lung elastic
properties and altered inspired gas distribution (24).
Additionally, anaesthesia as well as the surgical procedure
per se can affect diaphragmatic function and decrease
mucociliary clearance. Dependent lung atelectasis can occur
with consequent pneumonia and ventilation/perfusion
mismatching (25). Finally, development of hypoxaemia
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events probably occurred in those patients who had
pneumonia or respiratory failure as complications. Only
severe complications were considered in this study so that
the incidence of PC developed in our patients was lower
than reported in studies focused on less serious complica-
tions (5) and similar to that observed by authors who
considered only more severe PC (8).
A peculiar characteristic of the present study was to
consider the possible role played by comorbid diseases in
increasing the risk of postoperative PC. Published papers
showed that both the Goldman cardiac risk index (26) and
the Charlson comorbidity index (27) were independent
predictors of PC (7). According to our data, only ischaemic
heart disease was identified as an independent predictor of
PC in the final regression model. This result was obtained in
spite of the relatively low frequency of ischaemic heart
disease in our patients which, in turn, could be attributed to
a diagnosis based only on clinical and historical data. It is
known that a relationship does exist between ischaemic
heart disease and obstructive pulmonary disease and that
symptoms of chronic bronchitis predicted the risk of
coronary disease independently from the known major
cardiovascular risk factors (28). This relationship can be
attributed, at least in part, to cigarette smoking which is
associated with both diseases. Moreover, chronic airway
obstruction is recognized to be an important risk factor for
coronary disease (29).
In the future, the rapid development of abdominal
surgery under laparoscopy might limit the role of the
respiratory functional data in evaluating the risk of
postoperative PC due to the reduced risk of PC after
laparoscopy (11). However, the real extent of this decreased
risk is not fully evaluated and the relationship between risk
of PC after laparoscopy and a preoperative functional
assessment is not still completely recognized. Moreover, the
large fraction of patients submitted to surgical procedures
necessarily based on laparotomy, such as operations for
malignant tumours, could continue to take advantage from
a preoperative respiratory functional screening.
In conclusion, our results showed that a moderate-to-
severe impairment of FEV1 and PaO2 were significant
predictors of postoperative PC after elective abdominal
surgery in a cohort of patients at increased risk of
complications. Taking into account age, type of operation
and the presence of cardiac diseases, spirometry and arterial
gas analysis could be useful as preoperative screening tests
and the original score derived from the multi-variate
analysis could be applied in clinical practice. However, a
prospective study should be planned in order to confirm the
predictive value of the respiratory functional data and to
further evaluate the role of the score in assessing the actual
risk of PC after abdominal surgical procedures.
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